We have made a precise measurement of the absolute branching fractions of B 0 s → D ( * )+ s
Decays of B s mesons help elucidate the weak Cabibbo-Kobayashi-Maskawa structure of the Standard Model (SM). B s decays can be studied at e + e − colliders by running at the Υ(5S) resonance, which decays to B ( * ) s B ( * ) s pairs. We have used this method previously [1] to study B 0 s → D ( * )+ s D ( * )− s decays using 23.6 fb −1 of data. Here we substantially improve this measurement using 121.4 fb −1 of data. In addition to the five-times-larger data set, there are other improvements to the analysis: the data have been fully reprocessed using reconstruction algorithms with higher efficiency for π 0 's and low momentum tracks; we use larger control samples to evaluate systematic uncertainties; and we take background probability density functions directly from data rather than from simulation. We also make the first measurement of the fraction of longitudinal polarization (f L ) of B 0 s → D * + s D * − s . As in our previous study, we reconstruct the final states
These are expected to be mostly CP -even, and their partial widths are expected to dominate the difference in widths between the two B s -B s CP eigenstates, ∆Γ CP s [2] . This parameter equals ∆Γ s / cos φ 12 , where ∆Γ s is the decay width difference between the mass eigenstates, and φ 12 = arg(−M 12 /Γ 12 ), where M 12 and Γ 12 are the offdiagonal elements of the B s -B s mass and decay matrices [3] . The phase φ 12 is the CPviolating phase in B s -B s mixing. Thus the branching fraction gives a constraint in the ∆Γ s -φ 12 parameter space. Both parameters can receive contributions from new physics (NP) [4, 5] . Previous constraints on ∆Γ s and NP contributions to φ 12 were obtained from a time-dependent angular analysis of B s → J/ψ φ decays [6] [7] [8] . A constraint on φ 12 can be derived from the CP asymmetry measured in B s semileptonic decays [9] .
At the Υ(5S) resonance, the e + e − → bb cross section is measured to be σ bb = 0.340 ± 0.016 nb, and the fraction of Υ(5S) decays producing B s mesons is f s = 0.172 ± 0.030 [10] .
Three production modes are kinematically allowed:
) for the latter two are 0.073 ± 0.014 and 0.870 ± 0.017, respectively [11] . The B * s decays via B * s → B s γ, and the γ is not reconstructed. The Belle detector running at the KEKB e + e − collider [12] is described in Ref. [13] . For charged hadron identification, a likelihood ratio is formed based on dE/dx measured in the central tracker and the response of aerogel thresholdCerenkov counters and time-of-flight scintillation counters. A likelihood requirement is used to identify charged kaons and pions.
This requirement is 86% efficient for K ± and has a π ± misidentification rate of 8%.
S K * + , and K * 0 K * + [14] . Neutral K 0 S candidates are reconstructed from π + π − pairs having an invariant mass within 10 MeV/c 2 of the nominal K 0 S mass [15] and satisfying momentum-dependent vertex requirements. Charged tracks are required to originate from near the e + e − interaction region and, with the exception of tracks from K 0 S decays, have a momentum p > 100 MeV/c. Neutral K * 0 (charged K * + ) candidates are reconstructed typically arise from photons produced via π 0 → γγ that are wrongly assigned as D * s daughters. For these events we select the candidate that minimizes the quantity As the backgrounds have similar M bc and ∆E shapes, we use a single PDF for them, taken to be an ARGUS function [17] for M bc and a first-order Chebyshev function for ∆E. The two parameters of the Chebyshev function are taken from data in which one of the D + s candidates is required to be within the mass sideband.
The signal PDFs have three components: correctly reconstructed (CR) decays; "wrong combination" (WC) decays in which a non-signal track or γ is included in place of a true daughter track or γ; and "cross-feed" (CF) decays in which a D * ± The projections of the fit are shown in Fig. 1 , and the fitted signal yields are listed in Table I . The branching fraction for channel i is calculated as
where Y i is the fitted CR yield, and ε i M C is the MC signal efficiency with intermediate branching fractions [15] included. The efficiencies ε i M C include small correction factors to account for differences between MC and data for kaon identification. Inserting all values gives the branching fractions listed in Table I . These results have similar precision as other recent measurements [20] and are in agreement with theoretical predictions [21, 22] . The statistical significance is calculated as −2 ln(L 0 /L max ), where L 0 and L max are the values of the likelihood function when the signal yield Y i is fixed to zero and when it is floated, respectively. We include systematic uncertainties (discussed below) in the significance by smearing the likelihood function by a Gaussian having a width equal to the total systematic error related to the signal yield.
The systematic errors are listed in Table II 0.090 ± 0.009 ± 0.023, where the first error is statistical and the second is systematic. The central value is consistent with, but lower than, the theoretical prediction [4] ; This agreement holds for φ 12 values up to ∼ 40 • [24] .
To measure f L , we select events using the same criteria as before but, to minimize B 0 s → D * ± s D ∓ s cross-feed, we use a narrower range of M bc and ∆E (2.5σ in resolution). For these events we perform an unbinned ML fit to the helicity angles θ 1 and θ 2 , which are the angles between the daughter γ momentum and the opposite of the B s momentum in the D * + s and D * − s rest frames, respectively. The angular distribution is (|A + | 2 + |A − | 2 ) (cos 2 θ 1 + 1) (cos 2 θ 2 + 1) + |A 0 | 2 4 sin 2 θ 1 sin 2 θ 2 , where A + , A − , and A 0 are the three polarization amplitudes in the helicity basis. The fraction f L equals
To account for resolution and efficiency variation, the signal PDFs are taken from MC. The background PDF is taken from an M bc sideband; the level (1.8 ± 0.7 events) is estimated from a D + s mass sideband and fixed in the fit. We obtain
where the systematic errors arise from: signal PDF shapes (+0.008, −0.010), the background 
